Introduction {#s0001}
============

Patients undergoing chest wall surgeries, such as mastectomy and anterior thoracotomy, may suffer from acute postoperative pain. Inadequately managed postoperative pain may result in impairment of pulmonary and immune-system functions. Moreover, the risk of serious complications, such as ileus, thromboembolism, and myocardial infarction, is higher in patients suffering from postoperative pain.[@cit0001] In addition, a considerable proportion of patients --- 25%--60% --- may experience chronic pain.[@cit0002] Consequently, postoperative pain may delay hospital discharge, which in turn increases health-care expenditure.[@cit0003]

The sole use of pain medications is not recommended, as a considerable proportion of patients may suffer adverse effects. Anesthesiologists used to achieve adequate pain control by performing paravertebral blocks or thoracic epidural analgesia.[@cit0004] However, many complications were reported for both techniques. Complications that may result from thoracic paravertebral blocks are related to inadvertent puncture of blood vessels, epidural or intrathecal spaces, and pleura.[@cit0005] Epidural analgesia causes hypotension and diverts blood away from the denervated flap to normal tissue, a complication that is known as steal phenomenon.[@cit0006]

In 2011, Blanco[@cit0007] described a technique for pectoral nerve block in patients undergoing mastectomy and insertion of subpectoral implants by injecting local anesthetics between the pectoralis major and pectoralis minor muscles, which was later termed pectoral I block. The procedure was effective in most patients, but failed to control the pain adequately if the axilla were involved in the surgery. In 2012, Blanco et al[@cit0008] proposed a solution to this problem by performing a second injection at the level of the third and fourth ribs into the plane between the pectoralis minor and serratus anterior muscles, which was termed pectoral II block. The two procedures can be performed under ultrasound guidance.[@cit0007],[@cit0008] Pectoral I block provides blockade to the medial and lateral pectoral nerves, while pectoral II block additionally targets the long thoracic nerve, thoracodorsal nerve, and anterior divisions of the thoracic intercostal nerves from T2 to T6.[@cit0008]--[@cit0010] Pectoral blocks gained wide acceptance among anesthesiologists, as they are superficial, simple, effective, and relatively safe procedures that provide adequate postoperative analgesia (as evidenced by decreased pain scores and reduced need of postoperative pain medications).[@cit0011]--[@cit0013] Several studies have reported the use of pectoral blocks in conjunction with superficial chest-wall surgeries.[@cit0011]--[@cit0015]

The space between the pectoralis minor and the serratus anterior muscles is a fascial plane that is occupied by connective tissue.[@cit0010] We hypothesized that the use of a dissection fluid may help facilitate the expansion of the local anesthetic within this fascial plane to reach the targeted nerves. The present study assessed the efficacy and safety of a modified technique for ultrasound-guided pectoral II block for postoperative pain control following mastectomy. Catheter insertion was facilitated by injecting 10 mL lidocaine 1% as a dissecting solution. The study objectives included catheter visibility as a primary outcome, in addition to block performance time, number of catheter-insertion attempts, duration of the block, patient satisfaction, and incidence of complications as secondary outcomes.

Methods {#s0002}
=======

Study Design and Settings {#s0002-s2001}
-------------------------

This randomized controlled clinical trial was carried out on patients scheduled for simple mastectomy from November 2018 to August 2019 at Kasr Al Ainy Hospital. Informed consent was obtained from each patient. This study was conducted in accordance with the Declaration of Helsinki. The trial protocol obtained approval from the Research Ethics Committee, Kasr Al Ainy Faculty of Medicine, Cairo University, Cairo, Egypt (N-26-2018). The trial was registered at ClinicalTrials.gov (NCT03030677). We intend to share the study protocol, as well as individual deidentified participant data. Data will be accessible through direct contact with the corresponding author, beginning at 12 months and ending 36 months following article publication.

Eligibility Criteria {#s0002-s2002}
--------------------

Female patients 21--60 years old with American Society of Anesthesiologists (ASA) physical status I-- III scheduled for simple mastectomy surgery were included in the present study. Exclusion criteria included administration of anticoagulants, presence of chest-wall infection, and patient refusal.

Randomization and Blinding {#s0002-s2003}
--------------------------

Patients were randomly allocated by a closed-envelope method into two groups (40 patients each). Group I was scheduled for ultrasound-guided pectoral II block with catheter insertion after injection of 10 mL lidocaine 1% as a dissecting solution. Group II patients were scheduled for ultrasound-guided pectoral II block with direct catheter insertion. Generation of random-allocation sequence was carried out using computer software ([[www.randomizer.org](http://www.randomizer.org)]{.ul}) to obtain two sets of random numbers. Prior to performing the block, an experienced anesthesiologist chose a slip of paper from a dark envelope that contained two slips, with each slip marked with one of the two patient groups. Whichever group was written on the paper determined the block technique that was used in that patient. Blinding of patients or the surgical team was not feasible in the present study.

Interventions {#s0002-s2004}
-------------

After arrival of the patients at the operating room, a five-lead electrocardiogram, pulse oximeter, and noninvasive blood-pressure monitor were applied. A peripheral venous cannula was inserted contralaterally to the surgical site and saline solution started at 2 mL/kg/hour. Premedication with 0.1 mg/kg midazolam was performed. Surgery was done under general anesthesia (GA) using intravenous fentanyl 2 µg/kg, propofol 2 mg/kg, laryngeal mask, and inhaled isoflurane anesthetic. No other analgesic was given intraoperatively.

Prior to surgical incision and after the induction of GA, the ultrasound-guided pectoral block was performed as described by Blanco et al[@cit0008] with an ultrasound machine (Siemens, Acuson X300) equipped with a linear transducer (8--15 MH). The ultrasound probe was initially placed under the lateral third of the clavicle to identify the location of the subclavian muscle, axillary artery, and axillary vein. Then, the probe was moved distally toward the axilla until the pectoralis minor muscle was identified. From this point, the ribs were counted while the probe was moved caudally and laterally until the lateral border of pectoralis minor muscle was identified between the third and fourth ribs, where the edge of the serratus anterior muscle was visualized ([Figure 1](#f0001){ref-type="fig"}). Levobupivacaine 10 mL 0.25% was injected between the pectoralis major and minor muscles. Then, according to the intervention group, either 10 mL lidocaine 1% was injected as a dissecting solution before attempting catheter insertion (group I) or catheter insertion was directly attempted without a dissecting solution (group II). A catheter kit (Silverstim 18 G, 50 mm needle, including a catheter 20 G, 300 mm with an echogenic tip; Vygon) was used for continuous infusion. The catheter was inserted in the needle and advanced 3 cm beyond the needle tip. The needle was then withdrawn and the catheter tunneled and fixed with sterile medication ([Figures 2](#f0002){ref-type="fig"} and [3](#f0003){ref-type="fig"}). The procedure was completed after confirming the position of the echogenic catheter tip in the correct intramuscular plane using the ultrasound probe. Under the pectoralis minor muscle and above the serratus anterior muscle, 20 mL (5 mL lidocaine 1% and 15 mL bupivacaine 0.25%) were injected in group I, while 30 mL (15 mL lidocaine 1% and 15 mL bupivacaine 0.25%) were injected in group II. The procedure was performed by an anesthesiologist skilled in performing ultrasound-guided pectoral blocks. Surgery was only commenced 15 minutes after finalizing the pectoral block.Figure 1Needle between pectoralis major and serratus muscles.Figure 2(**A**) Set prepared; (**B**) needle insertion; (**C**) injection of dissecting volume; (**D**) catheter threading.Figure 3(**A**) Catheter threading; (**B**) confirming catheter position; (**C**) catheter ready for injection; (**D**) injecting the rest.

At the end of the surgery and after recovery, a continuous-infusion pump was connected to the catheter. An infusion regimen was started using local anesthetic (plain bupivacaine 0.125% + fentanyl 2 µg/mL) at a rate of 6--10 mL/hr for 24 hours. The catheter was removed after 24 hours. The quality of sensory block was assessed by bilateral application of ice over the breast area 30 minutes postprocedure once the patient was alert and oriented in the recovery room. Assessment was done using the 3-point scale for sensory assessment (0 = complete loss, 1 = partial loss, 2 = normal sensation). Pain intensity was measured using the VAS (1--10), starting 30 minutes after transfer to the recovery room and repeated every hour. If VAS score was \>3, the patient was given 1 g paracetamol infusion over 20 minutes, and if pain persisted after 20 minutes, 0.05 mg/kg intravenous morphine was given. If pain persisted for another 20 minutes, another dose of morphine 0.025 mg/kg was given. The overall level of patient satisfaction with the procedure and postoperative analgesia were assessed using a 0- to 3-point scale (0 = poor, 1 = good, 2 = very good, 3 = excellent).

Outcomes {#s0002-s2005}
--------

The primary outcome was the catheter position confirmed by ultrasound (catheter-visibility score), which was recorded on a scale from 1 to 3 (1 = poor, 2 = good, 3 = excellent), where visualization of the whole echogenic catheter tip or at least the tip of the catheter in place was considered excellent, visualization of "none" of the echogenic catheter tip as poor, and partial visualization of the echogenic catheter tip as good. Secondary outcomes were block performance time (time from applying the probe to the skin till finishing the injection of the local anesthetic), number of catheter-insertion attempts, duration of the block, patient satisfaction, and incidence of complications.

Sample Size {#s0002-s2006}
-----------

To the best of the authors' knowledge, no previous studies have evaluated catheter or needle visibility in pectoral II block. Sample size was calculated using MedCalc version 15.8. The calculation was based on VAS scores, as reported in a previous paper,[@cit0016] assuming an effect size (mean difference in VAS score) of 1, SD in both groups of 1.5, statistical power of 80%, *α*-error of 5%, CI of 95%, and significance at *p*\<0.05. The minimum sample size for each of the two study groups was 37 patients. We enrolled 40 cases per group to accommodate for dropouts.

Statistical Analysis {#s0002-s2007}
--------------------

Statistical analysis was carried out using SPSS version 22. Categorical data are expressed as numbers and percentages and compared using Fisher's exact or Fisher--Freeman--Halton exact tests. Continuous data were first tested for normality with the Shapiro--Wilk test. Normally distributed data are expressed as means ± SD and were compared with independent-sample *t*-tests. Data that did not follow normal distribution are presented as medians and IQRs (expressed as 25th--75th percentiles). Comparison of abnormally distributed continuous data was done using the Mann--Whitney *U* test. *p*\<0.05 was considered statistically significant.

Results {#s0003}
=======

This study included 80 patients aged 20--40 years with ASA physical status I-- III scheduled for mastectomy. Out of 103 patients, 80 fulfilled the eligibility criteria, while 23 were excluded: 12 refused to participate, seven were administering anticoagulants, and four had chest-wall infection. Eligible patients were randomly allocated into groups I and II (40 patients each). Both groups underwent pectoral II block by ultrasound-guided catheter insertion. Lidocaine 10 mL 1% was injected as a dissecting solution before attempting catheter insertion in group I, while catheter insertion was attempted directly without a dissecting solution in group II. All patients underwent the interventions as allocated and were followed up after the intervention without violation of the protocol at any time point. There was no loss to follow-up, and all 80 cases were included in all statistical analyses ([Figure 4](#f0004){ref-type="fig"}).Figure 4CONSORT flowchart of enrolled participants.

[Table 1](#t0001){ref-type="table"} shows homogeneous distribution of age and ASA of the patients studied, with no significant (*p*\>0.05) differences between groups I and II.Table 1Age and ASA Distribution of the Patients Studied (n=80)Group I, n=40Group II, n=40Total, n=80*p*-value**Age (years)** Range22--4020--4020--400.450^a^ Mean ± SD32.6±5.033.4±5.633.0±5.3**ASA status** I, n (%)31 (77.5%)32 (80.0%)63 (78.8%)1^b^ II, n (%)8 (20.0%)8 (20.0%)16 (20.0%) III, n (%)1 (2.5%)01 (1.3%)[^1][^2]

[Table 2](#t0002){ref-type="table"} shows that the median catheter-position score was significantly (*p*\<0.001) higher in group II than group I (3 vs 2, respectively). However, median block performance time was significantly lower in group I (187.5 seconds) than group II (229 seconds). Otherwise, there were no significant differences between groups I and II regarding quality of sensory block, VAS scores, or patient satisfaction.Table 2Comparison of Block Performance Time, Catheter Position, Quality of Sensory Block, VAS, and Patient-Satisfaction Scores Between the GroupsGroup I, n=40Group II, n=40*p*-value**Catheter-position score** Range1--31--3\<0.001^\*,a^ Median (IQR)2 (2--2)3 (2.0--3) Mean rank31.5149.49**Block performance time (seconds)** Range165.0--213.0145.0--258.0\<0.001^\*,a^ Median (IQR)187.5 (179.5--193.0)229.0 (210.0--235.5) Mean rank25.0955.91**Quality of sensory block score** Range0--20--10.139^a^ Median (IQR)0 (0--1)0 (0--0.5) Mean rank43.6237.38**VAS** Range1.0--4.01.0--4.00.878^a^ Median (IQR)2.0 (1.0--2.0)2.0 (1.0--2.0) Mean rank40.1540.85**Patient-satisfaction score** Range1.0--3.01.0--3.00.095^a^ Median (IQR)3.0 (2.0--3.0)2.0 (2.0--3.0) Mean rank44.3036.70[^3]

Regarding the number of attempts for catheter insertion, this was significantly (*p*\<0.001) lower in group I than group II. Frequency of successful catheter insertion from the first attempt was significantly higher in group I than group II (97.5% vs 65.0%, respectively). Further, the need for second and third attempts was significantly higher in group II. The incidence of complications was nonsignificantly (*p*=0.615) higher in group I than group II (7.5% vs 2.5%), where three cases (two with nausea and vomiting and one with itching) were reported in group I, but only one case (suffering nausea and vomiting) was reported in group II ([Table 3](#t0003){ref-type="table"}).Table 3Number of Catheter-Insertion Attempts and Incidence of Complications in the Two GroupsGroup I n=40Group II n=40*p*-value**Attempts** One, n (%)39 (97.5%)26 (65.0%)\<0.001\* Two, n (%)1 (2.5%)12 (30.0%) Three, n (%)02 (5.0%)**Complications** No, n (%)37 (92.5%)39 (97.5%)0.615 Yes, n (%)3 (7.5%)1 (2.5%)[^4]

Discussion {#s0004}
==========

The pectoral block is a technically simple procedure that is used to alleviate pain in patients undergoing superficial chest-wall surgeries, such as mastectomy and insertion of prosthetic implants. The present study attempted to maximize the benefit of pectoral II block by catheter insertion under ultrasound guidance to enable continuous infusion of bupivacaine for controlling postoperative pain in patients undergoing simple mastectomy procedures. We evaluated the effect of injecting 10 mL lidocaine 1% as a dissecting solution to facilitate catheter insertion. Patients were randomly allocated into two groups (40 patients each). Group I patients were subjected to ultrasound-guided pectoral II block with injection of 10 mL lidocaine 1% as a dissecting solution before attempting catheter insertion, while group II patients underwent the standard procedure without a dissecting solution. The studied groups were matching in age and ASA, as evidenced by lack of significant differences between them.

The insertion of needles and catheters during the procedure of nerve block can cause injury to tissue in the vicinity of the nerve. In addition, the efficacy of the procedure --- in terms of analgesia --- depends on precise positioning of the catheter tip. Therefore, the performance of regional anesthesia for nerve block under ultrasound guidance is recommended to provide good visualization during catheter insertion, rendering the procedure safer.[@cit0017] However, the tip of the needle used for nerve block is typically thinner than that of an interventional needle, and hence it is more difficult to visualize the exact location of the former's tip.[@cit0018] Moreover, catheters used for regional anesthesia are hard to distinguish on ultrasonography.[@cit0019]--[@cit0021]

The primary outcome of the present study was the visibility of the catheter position confirmed by ultrasound, measured by catheter-visibility score. Group I had a significantly lower median catheter-visibility score than group II (2 vs 3, respectively). Visibility of in-plane needles depends on the difference between the needle surface and the background.[@cit0022] In our patients, a potential explanation for the lower catheter-visibility score in group I is that injection of lidocaine as a dissecting solution might have caused blunting of the contrast between the catheter and the background, making distinction of the catheter more difficult.

Other factors that may affect catheter visibility include the angle of positioning and the catheter structure. Takatani et al[@cit0023] found that some catheters were better visualized when placed at 0° or 30° angles. They also found that catheters that enhance the dark at their centers have better visibility. Therefore, it is recommended to place catheters at shallow angles to improve visualization by ultrasonography. Furthermore, it has been reported that obesity can impact the visibility of the catheter.[@cit0024] Unfortunately, the BMI of patients was not recorded in the current study, though the randomization process used in allocating the patients should have negated variations in basic patient characteristics between the two groups.

The current study investigated secondary outcomes of block performance time, number of catheter-insertion attempts, duration of the block, patient satisfaction, and incidence of complications. The number of attempts for catheter insertion was significantly lower in group I than group II in this study. Consequently, the frequency of successful catheter insertion from the first attempt was significantly higher in group I than group II (97.5% vs 65.0% respectively), while the frequency of second and third attempts was significantly higher in group II. This indicates that the modified technique employed in group I facilitated the insertion of the catheter from the first time without requiring further attempts in most subjects of this group.

The median block performance time in the current study was significantly shorter in group I than group II (187.5 vs 229.0 seconds), which may be attributed to the higher success rate of catheter insertion at first attempt in group I. This may also indicate that lower catheter-visibility scores in group I did not impact successful insertion of the catheter markedly. As regards the quality of sensory block, VAS scores, and patient satisfaction, we found no significant differences between the groups. VAS scores in the two groups were comparable to those reported in earlier studies.[@cit0011],[@cit0016],[@cit0025] A slightly higher-quality sensory block was recorded in group I patients than group II, which may have contributed to the higher patient-satisfaction scores in group I. Further research is required to clarify the mechanism of better sensory block with the modified technique and whether it is related to better spread of lidocaine to axilla and other fascial planes, producing more effective block of the targeted nerves.

The potential complications of pectoral nerve blocks include local anesthetic toxicity, pneumothorax, hematoma, nausea, vomiting, and urinary retention.[@cit0026] Local anesthetic toxicity may arise due to inadvertent injection into the thoracoacromial artery. Pneumothorax may occur due to puncturing of the pleura.[@cit0008],[@cit0027],[@cit0028] The incidence of complications in the current study was non significantly higher in group I than group II (7.5% vs 2.5%). Reported complications included nausea, vomiting and itching, most probably related to the effect of the anesthetic drugs, rather than being caused by the technique of catheter insertion.

In addition to the aforementioned complications of pectoral II block, other disadvantages have been identified. The technique requires ultrasound-trained personnel. Moreover, it is a common practice to inject a single dose of local anesthetic without leaving a catheter in the site for continuous injection,[@cit0009] though Blanco et al[@cit0008] described catheter insertion in the original technique. In the current study, a catheter was left in place to enable continuous infusion of local anesthetics, thereby providing longer duration and better control of postoperative analgesia.

The present study was subject to some limitations. The BMI of the studied patients was not recorded. Variations in BMI between the two groups and analysis of subgroups divided according to BMI may have explained the lower catheter-visibility scores in group I or at least helped in excluding the effect of obesity. Moreover, the amount of opioids administered postoperatively in each group was not recorded.

Conclusion {#s0005}
==========

The present study showed that injection of lidocaine as a dissecting solution in pectoral nerve II block facilitated the performance of the procedure, as evidenced by the shortened catheter-insertion time, and showed higher patient satisfaction. However, it was associated with lower catheter visibility on ultrasonography, and no significant differences were detected regarding the quality of sensory block or VAS scores. Therefore, based on the benefits and disadvantages of the new technique, more evaluation by future studies is mandated. Further studies with more participants are required to confirm the current findings and the safety of the modified technique.
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[^1]: **Notes:** ^a^Independent-sample *t*-test; ^b^Fisher--Freeman--Halton exact test.

[^2]: **Abbreviation:** ASA, American Society of Anesthesiologists.

[^3]: **Notes:** ^a^Mann--Whitney test; \**p*\<0.05. Patient satisfaction scores: 0 = poor, 1 = good, 2 = very good, 3 = excellent. Catheter-position scores: 1 = poor, 2 = good, 3 = excellent.

[^4]: **Note:** \*p \<0.05.
